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(54) Title: NOVEL YEAST VARIANTS AND PROCESS FOR PRODUCING GLYCOPROTEIN CONTAINING MAMMALIAN 
^ TYPE SUGAR CHAIN 

(57) Abstract: Novel yeast variants capable of producing a glycoprotein wherein a sugar chain having the same sugar chain structure 
^ as a sugar chain produced by mammalian cells is attached to an asparagine residue of a protein; and a process for producing the sugar 

chain and the glycoprotein by a sugar chain engineering technique with the use of these variants. By using the auxotrophic triplex or 
^ tetraplex variant newly bred, a neutral sugar chain identical with the high-mannose type produced by mammalian cells (human cells, 
O etc.) or a glycoprotein having the same neutral sugar chain can be efficiently produced at a high purity. By transferring a mammalian 

Otype sugar chain biosynthesis-associated gene into such a variant, it is also possible to efficiently produce a mammalian sugar chain 
of high-mannose type, hybrid type, complex type, etc. or a protein having a mammalian type sugar chain. 
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m m m 

*t$K>jmic, y ^if^iA tfc ^ ? y/^i©2Wfc») % -^-f ^;^7^ 
at y ^n^ac?^ (EPO) W^^^-'f^ttW (TPA) ft 

zfoxztL i&twi, 36, 775-788 (i99i» „ mm&*k%iM& 

So 

m? w<Dmm^\-i, *bul-c, Asn^&m. j^^-^m, o-gicnac§l 

^xyf^7^7^, 191-208 (1994)) , *ft^ft@*r©£-£jifc&i&£:# 
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(ER) -cm#^'**n<D&fe<DM3.m (Asn-X-Ser^/cfSThr) \zm&£tlZo & 

a (MangGlcNAc 2 ) ri^/$£;fx5o r. w -^M^^^^-^i-^ * > 

fi^fti:i«?L^T*^t < (Gemmill, T.R, Trimble, R.B., Biochim. 

Biophys. Acta., 1426, 227 (1999)) 0 

&ftm ; -xmmmzwm-tZo ^©iai^t5«« (Man 5 . 
8 gicnac 2 ) ^ xMkmxtizmmx-hZo -x&3i%m*sQ 

M£thfcM5^^-^>/—*mmm (Man 5 GlcNAc 2 ) CN-7tf > - 

slsh^l/x?^?— te? (GnT) I#5f1s/BU N-T-fe^/U^/u^-^^ y^i^lfe 
L , GlcNAcMan 5 GlcNAc 2 /^ * 5 ^^f^ 0 i©i5iamfc» 
ilil^c MtmZtlZo Sl-> a --v W tfll % GnT- 

iTZ> b . GlcNAc 2 Man3GlcNAc 2 1 V > 5 ( = ^ ^ U jy ^ ^ ) M <b PTO 

M%gm&i&j&-tz> (mi) o m%mx*n^-^^y — ^m. asritsu ^m^-M^^-r 

y—^-o-y. tfim&omm. i^^>f^y^Mif© 
mntcmmz^-t mm^. mmn^. mmm^, 64-72(1992)) 0 

^■BT^-CfeS^ t*s^$ixfc (Takeuchi and Kobata, Glycobiology, 1, 337-346 
(1991)) o Hfc, *g&0ifti§, mm. ft&m. (Man 3 GlcNAc 2 l;i>i£3--r<5GlcNAc 
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*BHtt*sav^$Hfc (Takeuchi et al., Proc. Natl. Acad. Sci. USA, 86, 7819- 
7822 (1989)). #tt#ag©38&LTl*fcV^=. V * u 7jfai^ ytliff©^ D77 

fo££$g^£n-CV^5 (Misaizu et al., Blood, 86, 4097-4104 (1995)) c wttfc 

»Stt, ifofpJ^bii-^U:*)^ LTL£?r£;^JLV^££;h,-CV^5 (Ashwell 
and Harford, Annu. Rev. Biochem., 51, 531-554 (1982) ; Morell et al., J. Biol. 
Chem., 243, 155-159 (1968)) . 

^(D^^fPtt^S«2T-fcS^>y — *-6-y (MPR) b(Dm-&&j\-l, 

MPRa>b#Hi Lfc&, Std y y y-A-^t (von Figura and 

Hasilik, Annu. Rev. Biochem., 54, 167-193 (1984) ) 0 y — ^H^t^ 

(Leroy and DeMars, Science, 157, 804-806 (1967)) 0 U#ot, "t?L0M 

— »e-ett. M8^^ -ew — ^Siit-^^y — 

(Ballou et al., Proc. Natl. Acad. Sci. USA, 87, 3368-3372 (1990) ) 0 •? 

teio-h, ms^-t-vw — ^Siiiu*fa-i,6 ^-e-^vy-^^f+io-rsig 

£BBteKJfc#igw<5 (g|2,Kj£I f B) „ itDKJEfc&fTfc 5 IMS ttQCHlfc^f- 
Kin — K$tl5^^^f "C*fc?)rt^0^f,^|r/j:otV^ (Nakayamaet al., 
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EMBO J., 11, 2511-2519 (1992)) „ Ml- a -1,6^^X^ ^ J — X Sr^&M^-f- 

z>fcm (112,11) ^®r5w^^«t«9, n-mm&itVtbttzxy a -i,6i&&<? 

ls/-X&&j)Wj&£ftZ> (H2,E) o - (Da-l,6^(D-^^y-^iat. a- 
l,2^Lfc^>-y-^^^l^^#feU (EI2, 3 : C, F, H), ZCDtfiftfrtlLtc 

£^&>3 (El 2, 3 : D, G, H, I) 0 C <D a -l,3*£^tfW > J (DftMte, 
MMmMB^MWl^XZ^CDX&Z) (Nakanishi-Shindo et al., J. Biol. Chem., 
268, 26338-26345 (1993)) 0 v y / - ^fiHi^^ jo J; 

fc^Sn- V-t&m.fc^f-lcXZZ. b&frfr<9 (Wangetal., J. Biol. Chem., 272, 
18117-18124 (1997)) % <Dm&RJ&&JE\zfflm-tZ> 9 SC£ =- K 

•T^it^^ ( MNN4 ) & §B b fl» o fc. (Odani et al., Glycobiology, 6, 805- 
810 (1996) ; Odani et al., FEBS letters, 420, 186-190 (1997)) 0 

* m m L it , itm& & <£T$*fc5t5 (Bekkers et al., Biochim. 
Biophys. Acta, 1089, 345-351 (1991)) . &\zmgk<DW&&±% < Z> fcfc, 

m&x*tm ztitcm? minted h<Dt m— <D±mm&*mm z 

#Jhi-S J: 5 ^ b fimmbteZo 

^o^?L^M»moBuiE^-efc5M8^-r-v^/-^M^^, mmmmmn 
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^T^^#S^#it-T-5 <£>-CJ3:3^ (Ballou et al., J. Biol. Chem., 255, 
5986-5991 (1980) ; Ballou et al., J. Biol. Chem., 264, 11857-11864 (1989) ) 0 

<>tc.ss^tet*<Dftm%m&te¥XTbWLm&tiz> 0 L2»u i&cmmmxn, 
/<?m<Dftm^(Dt>(Di)muxmw£ftxv-£?ti)b, m?>-s<?m<Dftm$im 

mm-ctetf%>vMW- (er) t^ti^^^gssii, ZL&f&tm* <d®l 
mxxmistc^m&z&mi'. ^ti^±<t^m^m^f-r^^tizx<>xmb^ 

£tlXZtz. 0 alg (asparagine-linked glycosylation) ^mWte. (D^H]^ 

tlfro ^<D4 3 T-alga^^^^f £ F^^T-eDol-pp-GlcNAc 2 -Man5 (Dol-ppfi K V 
3-;Vt°o y >"g£) (Tanner, W. et al., Biochim. Biophys. Acta., 

906, 8199 (1987)) „ £ tc ^(i A ochlmnnlalg3 Hg^^^ £ ft V > T ftgfff £ 
fToTl^ (ifc#ib> i6f &1* PMC, Vol. 39, No. 4, p.657 (1994)) „ t 
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}±MangGlcNA 2 -PA*3 «t t>*Man 5 GlcNAc 2 -PA t~ it^2o©k- ^ ^ ^ U 
fc„ r<£>5^ mj^-«a-i,2-^vy ^?H'(k^ , PAB-MS03Bf*Jteif3&»e>, 
ER3Tfiti-T'S)5: t&mWLtc 0 a -1,2^ > J te? 

mfclzX t)Man^ 2 ^^^5fe$tL-CMan 2 GlcNAc2-PA^^M a -1,6^-^ L fc 
Man£ #^#] KUBOSH" 6 ^Ji (£B#Tir hV is*) \z£<9, M&n&lft*tZV!& 
JzZtlito w*L ^<0 = maSS*©^ffi-r5Man5GlcNAc 2 -PAO«f 

gUilltrfSsfc (II) ^Ufc3F3fe±*=«TaHlffl*3e-C*>Sr. ir^^j^ufco fc*5* 
r ©Hl^Mt Man 5 GlcNAc 2 td if "C < MangGlcNAq'b^^ci-^a* i: It 
«\ K I) a— y>bTn y ^^i-eMansGlcNAq-pp-Dol^r^^i-^alga^^^ttW 
^ y — dr— (leaky) 

Mitt* 5i9 l^iofco 

-CW:, leu2.^x uraa^^, ade2^M, hisa^M# £^£> £ (*"# 

£#Xb^*lfc?£39. »«:^ite^H»«fe, 119-144 (1996)) . 

mm&fto (0 4) o i©^rtfet?f±, »t»Wrt-e©*^J: 

9> 3^:* 5 K±©«Wit^DNAS:^»f&SV^ra:«flJ^>:5fe$*, ^wJCjfi^ 

DNA^^©*fflSaic^A-T5C £{cJ; «? . ^A^^n^C £ Jfefeflci«>««J*e 
DNA*fifefr"eajfe-t-S1>©"t?*>5 (Rothstein, Methods Enzymol., 101, 202- 

211 (1983)) o ^©^fe-cra, io<D&m*&i&m'rz><o\z.io<Dmifi'?—# — 

fc:f2i|t£;JxTl^5o L/5>U #M«-277086fc:ffi*$*Lfc~£gmt* ( Aochl 
Amnnl) $ *lfc«F * «**fc:tt\ U ^^i^^o^iii^ 
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(Ballon, Methods Enzymol., 185, 440-470 (1990) ) 0 t^X. ^ J ~ 

*-i-y ^mm^-fc^um-t^fe^ (mnn4) ^i^o-^i^i^sis 

J&^&p-^W-^i&^gtiifjtfc^ f KRE2) (Dmtfe^^^bfcEgfi^^^ 
(^^5p 9 .266792^IB^) ^ HI 0g £ *b „ rtl^lE® ^tlfc^Stt^^M-r 5 

^^^m<ommn. ewoMs^^^^y— ^s*K»«rwu-cv>s 

b^iftot, Aspergillus. saitoL* 5fe <£> <* -1,2- 

mannosidasea^^-?r^Abfc*^, ^W-*^ i -m&mWWi £ tltc^-( 
J — *m%%m (Man 5 ^GlcNAc 2 ) Srli t5 - t *o TV^S 

(Chiba et al., J. Biol. Chem., 273, 26298-26304 (1998)) „ 

(Shimma Y. et al., Mol. Gen. Genet., 256, 469-480 (1997); Wang et al., J. 
Biol. Chem. 272, 18117-18124 (1997); £frf^|S§-, M^X. S&32H]i«itfc^ 
-7 is- — 7 J* M a M . P-64 (1999) ; Shimma Y. et al., Abstracts ofXIX 
International Conference On Yeast Genetics and Molecular Biology, p. 443 
(1999)) o 

£&#tt«wfte j f*> : iR*i-<fc <9 , £®.<Dmfc* : £gx&z>m3L<D4m<Dm$i'? 

— (leu2. ura3. Iys2 . trpl) ©Ji^^ffl^'RrfEt Jgt-Slofc^ 
— 10 — (Do -b 1 otov^li, «It'H/i< A^^l-^^tl-CVN 

tcz><DmB^*m%iffimAirz>^ ttemmxhZo m^<DXo^. m%mmcom 
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Sfd'inSJCS'feff & 9 a-l,67>y S'^l'b^V.T.^x^— if£3 — K^* Salted 
(QCH1) . H»$l©^sl7t*^(iv>y -*£tf;ba-r-5 a -1,3 V W ->;Vb ^ > 
*7x5— -tffcu— K-rSJtte? (MNN1) . J:t>*v>y-^-i-'J >S£<Dtt 
iP%*J«I i r Salted (M NN4 ) % tttt U /c&r^i&lgS^Jttfc (^«M#ttH« 

*mwi£, i&TCD d)~ (14) (rw-r-So 

S#tt^R*fif3;aH»J:U TIB^ (I): 

Mana1-2Mana1 v 
^6 
gManal N 

Manal ^Man|51- 4GlcNAcp1- 4GlcNAc q) 

Mana1-2Mana1-2Mana1 * 
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(2) £«^te£ffiMi-6«^£ft^ift{^Al-S;:£&< , Q£HljiH5^£ 
J&igLfCQfihl^ ( Aochl ) , MNNia^^^^b^mnnl^^ ( Amnnl ) , 
MNNlit^^^^^l-^mnnl^^ ( Amnn4 ) (D^^M^t. khlffi 

(3) ^mm^^m^m^m&mm, hisZMm, teu2^m, adfc2.^M, truJj^ 
caxa^M^^51«n6, ±15(1) £fcte(2) ^f5fttf>@|#^m#Co 

(4) 1>-;y#n5:ir* ( Sarrharomvces^ ^Mj-^^T-fc^, ±15(3) lCf5ft<D 

(5) -^y^n • irl/tfv'^ (S^r-haromvces cerevisiae) 

±15(4) ^l5^^^#^^o 

(6) tyijn^t^ - ±u \?i/=c fSarrharnmvRfts cerevisiae) TIY19 WXh 

5, ±15(5) ^|5^(7)^«:^^o 

(7) ±15(1) ~(6> (D\,^fr7b>izfzm<Dmm^mw**gmc&mi,. mmm^^ 

(8) ±i5(D ~(6) (D\,^ixfr\z.um<Dmmmmft*igmzfgmv. mmvo*^ 

m^y^^ K^T^K^m$-frfc±l5(l) ~(6) ^-fnaMCf53£<Dg|^:^ 

m*mm^m\s. mmm^^±^ a)xmt$tiz>*v ^mmzTx/*?*?^ 
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(id ±is(i) ~(6) wrtifriz&mnwm&Mtmz^ m^mmmm<o±^^ 

(12) ±IH(10) *fcte (ll)^|B^<7>^S^^Sr^flfe^^U, + K: * y 

(13) Jiia(10) £fcte(ll) te1B*i<0I*S£^£ifcifefc:i&iiU S?*03*fc::*- !> 

(14) i?L«6*©7^^7*^Ii^^^f* = - Ki-sae^Sr-^tf 
«^/7^^ K(-T^Ktem$-&fe±IE(10) Sfctt(ll) K:lB4ftO#e2mtfc 

( OCHl ) „ ^m<D#^7G^K^ W-^&ttflD-rS a.l,3-7>y 
;i/h7^7*7-^S:3-KtSIfi ; f- (MNN1) , *5 £ > S — U 
^K^f+JPSrffllWi-sae^- (MNN4) Ufc±l5»e«» (£*^* 

J&3fc:ft&^<£> 1 oT'fc6 a -mannosidase Ili&B^-^U A"f 5 w £ ft < , ^tf>f& 



10 



WO 01/14522 



PCT/JPOO/05474 



-t si:^t© (15) ~ (30) tr^-r^o 

(15) QchlgH, xsumimm. mxwk&m. algZmgcO&mXmt s >P*<£*>5 

m&±0&mm*&&a&K*ft^zz*&n£\s* t«b^ ui): 

Manal s 

|wianpi- 4GlcNAcpi- 4GlcNAc 

Manal -2Mana1-2Mancc1 ' 

(sS*. Manli^W— GlcNAcliN-T-b^^l/ri-b-^ ) 

mil 

(16) ^^^^tt^tew-r-sat^^ ^tnwciAtsc omiSGf 

£ 5£ ill U *i action ( A ochl ) , MNNl jjfc^fc Ifemnnl^l (A 
mnnl) , MNNaJtfc^*®^ Ifcmnn^I ( Amnn4 ) , ALG3 afe?%»« 

ufeaua^s (Aaiga) < *» 1 m&±<oi£m&& j &&mj& 

(17) 9U«#1£36J*7&5l* s HiaaS£, hisa^JI, leu^lt, adi^H, trnl^S> 

(18) D-*;*n5t7 ( Xaccharnmvcesm iZm-fZB&t'&Z. ±IH(17)(C fHfc 

(19) "9" y fi D ^ -fe 7. • -tr 1/ fcf ( Sacchaxamycas cerevisiae) ^M~?Z>H&M 

(20) IJ-'y^n^-tT, • -fel^ t*->x (Saprhammvces cerevisiae) YS134-4A^T* 

(21) ±ga(i5)~(20)©v^rti^(iiBm©®e^^*?:^{-^*^^ J3***£ 
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(22) ±&(i5)^(20)<D\,^ftfr{z.um<Dmm&mm*mi&iz.j&mv. mmm^iz 
-hiE^: (id x*mztiz>*v =?mm&Txs<9 3?^%a$mmmb vx^m-r^m 

(23) *?Lift*©77^7^^Si^w^f$rn - Ki-siHS^^-irt? 
lam^i^^^ 5 K{c:-c^Wfem$ii:fc±l2(15)~(20)(DV^-rtL^^I5ttO^^ 

Mnttigmzigmiss i%mm*iz±.ztt ai) ts^^tMti^T^/^ 

(24) Qchimm, mmilfi, mnaitl, alga^^o^^^K^SFO^e^^tt 

(25) -bfE(15)~(20)OV^-ri^^^|E^O^©^^tt^c:. ni?L^^©^^^^ 

(26) -blE(24)^fcfi(25){Cfeife(D^^^^i:gJfe{-^u, iS^^C^i; =f 

(27) -blE(24)^/c{i(25)fC|5tt^^S^«^^it6{c:^b. it*^*^ y =f 

(28) ^%m&5&(DTxs<7^>m&mm?>'s<?m%=>- v-t 

$ K(c-r^Ktem$itfc±fe(24)^fc«(25)(c:|5«0^^mtt^ 

(29) a--7^y is?-^imfc*&mAt!tl, a >V >y— if HiSttSr 

(30) _h|S(29) fcS2lft©6SW*£lgifcfc:#*U 
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*wmmte*m<Dm9Gm<Dmmx~ibz> B^stwiiii^i 1^23321 
5 ^r<n m mmR n/ % tc ra m ® i-ies $ n & ft ^ Sr^-a i~ s . 

h, c. Eta. ^n^nm3oi, d, Ficm< 0 

SOf $(CDAmide-80# 7^t©tg^Sr/Tt, 

b : a-l,2-mannosidase$r#AbfcTIY19«(D-r^^-^»^ W^K©«i 
m 8 tt, a-l,2-mannosidaseit^^^*AU^TIY19»(D^J!a^g-7^^-^^ 

a :5£ (III) t?^$nS«5t©«m*« 
b : m6X'ft&lstimft 

a -1,2-mannosidaseiHS^- £ GnT-Ijf^£#A LfcTIY19#c<D*ffl 
JJS^Ji^ ^-t" V * * ^tf5Amide-80# 7 A T?Oflli&#PWSr^i"o 
A : ^<^^— <Z>^Sr3j[AU*:TIY19«c^>iS«fl»at#«f 

B : a-l,2-mannosidasejta^«bGnT-ljtfe^^#Ab/cTIY19«^^0«it«? 
W 

a : Man 5 GlcNAc 2 -PA 
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b : GlcNAcMan 6 GlcNAc 2 -PA 
c : Man 6 GlcNAc 2 -PA 
d : Man 7 GlcNAc 2 -PA 
e : Man 8 GlcNAc 2 -PA 
Ell 1(4, a-l,2-mannosidase«fc^£GnT-Iitfc^£^AL/cTm9^^ 

a : mm&(D^m 

B :01O. BVft'tiL\^1£ffi& 
HIl 2(4, a -mannosidase IIiH£^£#A LfcYPH500tfc<D&fBJ®ttttS?££ffl 

A : ?—(D&. (pYEX-BX-3HA) SrigA LfcYPH500^^ h <Dmf&&mW.(D 

B : 3^ 9 a-mannosidase-IIit^^-^-atf^^ (pYEOM2-HA) 5:|AL 
fcYPH500l*<^JMi±S^^;*^^:/n 5/ hMtit&g: 

Ml 3(4, a -mannosidase Hitter £31 A LfcYPH500^<D|Ij&J4tH$t£ffl 
Wc a -mannosidase Il^Stt^iJ^O^^^^-fo 

A:-<^* — (pYEX-BX-3HA) SragA LfcYPH500^-C<D^ttS!l^* 
B : =3r^ 7 a-mannosidase-IIit^^^-^tf^^ 9— (pYEOM2-HA) ^|Al 
*lYPH500#c -C <D fSttgiJ J&g* 
a : GlcNAcMan 5 GlcNAc 2 -PA 
b : GlcNAcMan 3 GlcNAc 2 -PA 

HI 4(4, FGFit^^^^AbfcTIY48^ (±45:) % R t>*FGFiHH^- t a - 
l,2-mannosidase3t^^^WA LfcTIY53^ (Tlx) OFGF^^OAmido-80^ 

GlcNAc, GN : N- T i? ^ A' nf>y 

Man, M : vy;-^ 

PA : 2-T 5: y t° y ^/Wt 
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fa?ij##3{i, MNNute^f-© 3 * mwi&mm-rztcitxDT'yj -^-c &^i- 0 

ffi^iJ##7fi, MMliate^© 5' ^SriSffi-rSfcfeO^^^-e— G ^r^i- 0 

mh^ij#-^i 114, Amait^T-o3'^^iii|is-r6yc«)O7 0 7-r^--K &^i- 0 

BH3»-^1 2 1*. ALQ3*'£ J ?-©3 , 0j«Sriifii-5*:«>©7 P 9>r^--L £^-f- 0 
IE?"J#-*§-l 3te % a-mannoaidase II3t^^©N*«6il!lfa^SrlS©-t-S^:«>©^ 
7 ^ -v — M £r^i~ 0 

4tt % a -mannosidase IIitte^<Z>N*M!i®*££*tiiiI-r 5 tz.#><DZf 
y^i — N ^ttj^o 

IB^J#^-l 5te N a -mannosidase Ilitfc^ *^^£if t§1"5 /c&<£:T^ 
O ^^-To 

SB^'J#^-1 6te x a -mannosidase IliUS^© ^SS^^cSrlf 4g-t" -5 tc^<Dy°y 
<4-*— P ^r^-To 

SH^"J#^-1 7tt, a -mannosidase II»te^<Z>C^S«fc«&iatti-5 fcfc©?* 
E?fl##l 8(2, a -mannosidase IlSte^©C3fciM1?gt££riti|>I-f 5 tz.^(Dy° 

5-*^DNA(DiE?iJS ^^i"o 

SE?iJ#-5§-2 Of*, QCHlit^^<75l^mii^^^3- Kt5Z*iDNA©IB?iJT 
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K?|J##2 1 it. a -mannosidase nate^flDftfcjBtffiJgt©— 5 

IB?|J##2 2tt % a -mannosidase Ilit^OttjKfRiftO— «Sr*affii-<5 

iE?«J##2 3tt. t hUDP-GlcNAc '^ransporterite^$rlil|lSi-S/ca6©^^-r 
-v— W £r7Fi- 0 

SS^iJ#-i-2 4te, t hUDP-GlcNAc Transporter^^ ^^Si" 5 fc«> CD :/^-f 
t— X ^^-To 

Sa^iJ#-§-2 5te % t h prepro a -factor £ FGF^fc^£ If ©^7^-7 
— Y ^^-To 

g£?iJ#-S§-2 6 te. t: hpreproa-factor^FGFit^^^i#i|iIi--5fc*CD7 0 7-f ^ 
— Z ^^-r o 

^M-?*>*K ^ttfc: tecchies, mnnl^, mnn4^^ & 3 W2Qc]il^m, 

* fc . ^ m (omnmm^i te& n z> ^jfeie^ * * a-t § it &<D%imm&&& 

^H, lea2&JI, adfi2££, Ixpl^fl, canlSE*j&>fe»«rftS 0 

(Ui©^*g*ttf IW^nt'fe^o **©jte^Sr3|CA > f--5»^fi. £* 
Ai~S3tfe : f-»f>T-*s«< , iA^f^iTL, tH>Tte3§5L^fcteT1-5<E>T% 
^Aat^<D»s#v^iJ^^©^*^^m^@^^i;^§ 0 
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-e&So .tor. 7c<Dmnm^^<Dm^*m^L^\ 
osfctt^n&ioa-e****-*-* (gnoses:**-*-*) ©fcHHSfcr** 

*i\ ^^jt^^^fi^^t-^^^DNAa^^-^Jn^^gt^, Saccharomyces 

*>5 (Goffeau et al., Nature, 387 (suppl.), 1-105 (1997)) Ztfrb. *S 
ATCC (American Type Culture Collection) ^ift&^Ma^^tfJitfc'?-^ 
ifi^Sr-^tfa-fe^Wr^W^^-SrSttS - i: a s PriBT?*>3 (ATCC Recombinant 
DNA materials, 3rd edition, 1993) 0 * , -^^^ Ufc^ o TS. 

fe^o -LlElC^V^T. S- cere visiae fr£>sf J & DNA <£> jfl fcli & ^ fllfctf, Cryer 
b(Dj5fe (Methods in Cell Biology, 12, 39-44 (1975) ) *5 £t>*P. Philippsenb 
(Djjfe. (Methods Enzymol., 194, 169-182 (1991) ) l^oTfrft? 

•So 

siwa-e^tt, pcRifeicjioiiiw^-tirT^bae^WE**^*^. pcrs 

« N ^ytho (in xiia^DNA©#£tfJf&*Ofg#<0ffl*<0iz:'* • T ^ 
^•ir^^^^^-^ — . j»*M4DNA# !J 7— if , DNAHMBS^x-kSSStf)^^ 

^©*9*BI£tt» -?"7<<-?— t LT25~30merCD'£j&l;£#ilDNA£. iSt tt^ 1 
y i*DNA£ffll^5o 

^^PJ^joV^T^^a^T-^^^tt, Rothstein, Methods Enzymol., 101, 
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202-211 (1983)fcM^£;h,S;fr&tc£*ttlCt£oT*Tl^5 5o ttm*. S1\ 
*-3dS^>-hVy^$tifc*iSfrSr^»lL, ^{c, £ <0«&#&IiH3*|8I&fc:i*A 

JMfcftt::, MNHl5tfe^fiS^t*^^&^Jl-i «5«ftW"f-5o AlanibKioT 
«f6£*U5i* 1^/W^^7«<Ohififi«e^DNA»fJt36SIIEAaae^OM«fc^ 
$tlTV^/77 5: K (Alani et al., Genetics, 116, 541-545 (1987))7$>£>hMl- 

t em u -cifi?*** s . ^fefr^jf a $ n/ciiEAsae^ miMi 

Jt*S««5«S[i«*iXfc**-e*>SiS, ^^ffl^«Ura-*m^t ft 5 (0 5) 0 ^ O 
hisaF^-e<Dtg|ll6tM^^^.«5-^^^-n^-i3 (5-FOA) \c£*)ftfj:o ~ b 
flST?#<5o 3iraa3S***tt5-FOA^iiH4-Cfe«J (Boeke et al., Mol. Gen. Genet., 
197, 345-346 (1984); Boeke et al., Methods Enzymol.,154, 165-174 (1987)) „ 
Ura3 + ^^?r^o^J9att«5-FOAi#ite{C^Wt?#^< fc5 c 5-FOA^ 
i»^^*Jfi^»tt^K*»o«sSr^(||-rixri, m>mA3£^T<Z)^7j5 pits 

«<5^*««rfi l 5ci^^J:»), *»W© I ft 1 1« *i«*tt£l«** (A 
ochlAmnnlAmnn4) 5r#5rHK*#5, £ fcSfcl^filft^felz: T ALG3 5H5 

^mm&fto ztK£ *^©@e*ii:t £ft*s$&e9£gjti* (Aochi 

AmnnlAmnn4Aalg3) 31 as-e# 5„ 
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-Cttxannl^S. alga^A<E> f§ &^S&&#JJB t*# S *> s * MNN4 & 
G418. t;H/^y, *^=.^, > 
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(Becker and Guarente, Methods Enzymol., 194, 182-187 (1991)) 0 

PEGft® & * if iu J: DNA^»M-e t § » £fc, it^^DNAgS^J(D^:^ h 
M1S<Dj5fe. WZ-l-Zi/^J-^^m (Sanger et al., Proc. Natl. Acad. Sci., USA, 
74, 5463-5467 (1977)) X K) *Tfc ? - t &X*% S c Ml--bl5DNA^SIB^J<D 

£i±<dx oK^xftmzfttcmmm&fti^mmx. ^^>y~^m<Dm%m 

*lte^Pmil^^-S¥^*A-rSo £fc, #^il<a£^j&teiiii$<D<fc 5 KER, 
jK *oTt>IIRI^»fllds^^;$n6M^ttl»*L^#&U*v^ tot, 

mMlN7kttMmmmfc*Mt LT^ a-^y;->^t* (a-mannosidase I, 
a -mannosidase II)^Oitfcd\ ^^^^at^l* t Ltft, N-TiT^^A- 
3f5-;L-b7^7x7-^ (GnT-I, GnT-II, GnT-III, GnT-IV, GnT-V), # 
7 ^ h vvv h7>^7i 7 — tf (GalT) N 7 = vvl^ h 7 7 ^ 7 (FucT)^ 
(DWLte*. Ktta&fratfi-T-Wt LTtt, UDP-GlcNAc Transporter, 

UDP-Gal Transporter ^<D5t^^^^{f f> tb5 0 rnb^Jte^fiRtfLSft* 
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m%^Um<D^m-^^^^ S ~-xm%£& (Man 5 -8GlcNAc 2 ) , 1&f&%lW& 
(GlcNAcMan 5 GlcNAc 2 ), «-£S*f«l (Gal 2 GlcNAc 2 Man 3 GlcNAc 2 ^) tm~<D 

Mcfc&Ofcte. ^mWM^^mmt LTHtUft ( A ochl A mn nl A mnn4) £ 
IBV^*§-£-te, U^gWlZ a -mannosidase Imfc^ t GnT-Iat^^^Ai" 5 ^ 

^ ^ ( a -mannosidase II , GnT-II , GalT , UDP-GlcNAc Transporter, 
UDP-Gal Transporter^^ ) * * Ai" 5 ^ t id £ V . -*mM&m.mm 
(Gal 2 GlcNAc 2 Man 2 GlcNAc 2 )£r£jg -t^t'^So 
£(bf^ GnT-IV, GnT-Vat^^^^Ai-?>r i: J; «9 . H*^^M^> 

^^^^tt^^t^^ ttfflltlft ( A ochl A m nnl A mnn4 A alg3) % 
ffl^SSTfrtt, a -mannosidase mi^^AI" 5 ^£ # < . RllL«Si««© 
£^/&5fciH5^ ( a -mannosidase I, GnT-I, GnT-II, Gal-T, UDP-GlcNAc 
Transporter, UDP-Gal TransporteriHE^) &MA1tZ) C t \Z. J; 9 , 
(Gal 2 GlcNAc 2 Man 2 GlcNAc 2 ) £r£0 

M^-r^ (Yip^-r^) &m^z>%&ifi2*%.t>tiz>&* swic^c-c 

21 



WO 01/14522 



PCT/JPOO/05474 



^t^t*#5„ ae^-S:*^$*5fe«){;:i^S^n*— ^ — fiGAPDH, PGK# 

GAL1, CUPl^<Dff^$g^n^ — ^ 

±.?5»-S35S«tSr^^t Lt, - Ki-Satfc^ (cDNA 

&&mm (mmm, mmm. f&m&m. T^sm. i^s^sr&t?) m&mm 

"C?# 3 (Sherman, Methods Enzymol., 194, 3-57 (1991)) 0 
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(DEAE) —te7TB-xtgi'i?>*m^1Z&'( o-v b^:7.<— & N 

S-Sepharose FF (7 tvW^ ;XT#:|8») W(D ^ i? o 

fcSfczM** v-r h^77^fe, a^fSfcEV^fcy^iSSu His BindW^ 
(Novagenf±M) <f^^^:T7^7-f-^n-7 h^77-f-S, * n -v b 

CHJS^J 1 ] «#?L^M^^^M|g?r^--r^^e^^« (AmnnlAmnn4A 

CD Amnni^mm^mmwcDrfmt *<D&K 

i-r*^^^Ofc6pNK51(Alani et al., Genetics, 116, 541-545 (1987)) J; 9 , 

V>S#-t?$>h (HUH) &BglII££amHIT-1jUiiff U TcjJi® 7°^ ^ KpSP73tf> 
BamHm^tci^AbfCo CKD^*? K£pSP73-HUH£ift£ Lfc 0 

DNA^Sia^iJf*. GenBank^~^~;^CL23753T*g^£n-CV^(Yip et al., 
Proc. Natl. Acad. Sci. USA, 9, 2723-2727 (1994)) „ MNN_litfc^P© 5 ' mffi* 
~f*7-i -v — A(GGATCCGAAGAAAACCTAATACATTGAAGT : ge^J#-f" 1 ) £ 
7°^ >f -v — B(GCATGCCCTTTGGTTTAATATAAATCTCCGGAGTGC : IE?"J# 
^ 2 ) £ JS V^ T . * , 3 ' H^^^^-C^- 
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C(GCATGCTACATAACTCCAATCAGCAGCAAATATGTC : iS^J## 3 ) t 7° 
=7 4-*— D(GCGGCCGCGTGTTCTGTTCGGGTAACGTTTAAACCAAT : |S?IJ# 
#4) ^fflV^-C, -tn-eixPCR-CiiiliLfco ^ft^oDNA^^Hisa^-TJ- 
£f£o7°7 7$ KpHYH<£S»hI SB pHYHAmnnl^fll! Lfc, 
MNNlite^^rHUH^-fe 7 h £/8 l>T«fc«1-3 fcfefc, 1.8Kbtf>SpJiI Bfrtf^ 
pHYH A mnnl i 9 & # L . pSP73-HUH <D Spill SB & In A U fc pSP73- A 
mnnl::HUH ^UligLfCo #7*7 7 5: K &NaiJ8Bffc-0ta)»r-r £ - £ K X *) UB. 
ffcL. g*ttcW3n3.1A( MAT« leu2-3 . U2his3-ll, 15 ade2-l ura3-l trpl-1 
canl-lOO^ fiEiS U Aj£ (Ito et al., J. Bacteriol., 153, 163-168 (1983)) £ 
m^XJ&J&tR&lstLo SD-Ura (2%^7V = — 7, 0.67 % Yeast 

Nitrogen Base w/o amino acids (Difco^t^) x £ 7 v'/V^i < ^H^^lUK 33 «£ 
■O-T^JWM^m (20-400 mg/L) ) ^©7° I/— h K * V^T, 3O c CT*20P^^ 

5-FOA£^LfcYSD (l%B*-&tefflifc, 2%7*/i^-7 > Tf 

(40 mg/L), p 7 iX^(20mg/L)) l£-Cit&%fT#V\ UBA£&te*1l$lf&WZ 

VHZmmVtio Amnnl ::hisG ^tf^&SrTIYSjfc t Vfc a 

tnbtiX^Zo YPADift*^T^*bfeHF^t**3 iOTIYSttsSr-ttl-etl/^a^ 
u- 7.0.2% Sr-g-tf^^fttS U%&ntbttim. 2% Bacto-<7* h V, 7r = ^ (40 
mg/L)) CffiSL, 3B#F*l*giiLfc 0 0#&HUfe Lfc© *> N SDSf-^7 0 ^^ 7 
7 7-lciIL^77tf- XtdT*&^LfcO*>, _Lft£JB^T6 % SDStfy T7 

h y 7^^yW7 h 7/ y * A^ffi V^T?£'t4^&£?To ft (Ballou, Methods 
EnzymoL, 185, 440-470 (1990)) o TIYStteO^i" Zs^jUf—V 

24 



WO 01/14522 



PCT/JP00/05474 



(2) Amnnl Amnn4 ^t^^tt -fflWktofcM t 

m « % GenBank f — $ ^< — * IC D83006 -C»»3*L-Cl^£ (Odani et al., 
Glycobiology, 6, 805-810 (1996)) 0 MMNJLiHS^-O 3 * 7 4 t —E 

(AGATGCATACTAGTGGGCCCATTGTGATTGGAAT : gE?"J#-S§-5) k^yJ 
•v -F (CCCCCGAATTCGTGTGAAGGAATAGTGACG : gd?'J#-^ 6 ) > T , 

* ft , 5 - ^^^^^-r^-G 

(CCCCCGAATTCAAGTCGGAGAACCTGACTG : SH^J## 7 ) t H 
(ATGGGCCCACTAGTATGCATCTCGCGTGGCATGG :g£^J#-^8) £fflV^T, 
Ztl^tlPCR-emm VtCo Z tl *><DDNABfJt£HUH;fr-fer y hZW^&iU 
pSP73-KUH(DEs&Rmmcm&&, P SP73-Amnn4::HUH £f£MLfc 0 #^7 

5-FOA^-^^-bfcYSD mm^xmm^n^\ LEBAsjftis^JM^ 

ig#c£$tfSLfc 0 Amnnl :: hisG Amnn4::hisG^^tf *^SrTIYll* t L7t„ 

mm*<DV >-&m<Dmmi*. ta->t ^:/A—(aician b^xm^n^zt 

&X£Z> 0 Tsl->'T>7 f /)s-lZlElZ$imVXte<9 % A^?^f« £ jg^-T -5 fe^T'fe 
5o ^^T% »«j!WJ!aS:pH3©«tB^I;:!BiBUT0.1%<O7 r /i">T>'^yt' — 
8GX(SigmaHL code No. A3157)£jJD;l 5 t , H^fK: !J ^IMtfcfcofc©*!!* 
»K y J'IMtSrfcfcfcV'KfeOtte < ft*. Amnn4% It|j: > JNBflg^ 

TIY3&£OTIYll££#igifcf--Cig#U ^n^n^M^T^;^ 

(3) AmnnlAmnn4Aochl ^^^^Ha^m^^)^^ ; e<Dt^g 
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GenBankx — 2 ><^D11095"T?S»$H-CV^S (Nakayama et al., EMBO 
J., 11, 2511-2519 (1992)) „ ^X°KM$££tlX\,^Z>Q£Hll&te^<D±g:*'Stf 
pBL-OCHl (Nakayama et al., EMBO J., 11, 2511-2519 (1992)) (DQ£mMte 
^ftUAatll'Eval&tiL&Wm U bfcpNKYSlJ; 9 #fcHUH#i? y 

h * W A L ft pBL- A ochl::HUH lr^lL/c 0 $/77^ K £r Sall*5 J; t>* 
BamHI-e^OHr-t-S r *) Aochl::HUH Sr-&tf®«Sr§J «5 ffl U TIYll^r^ 

my ^^^fe-e^jrfejfebfco Aochi^^-^tftt^lsaSMSrti^^i-fc 
T&'SfeWfc, 0.3 M KCl^^tfSD-Ura^tDyu— Mc^V^T, 3O°CT-20 

QCHl^«oife€.frtJ:aj&*ixTV>5n £&«mu TIY17ttt bfc 0 

5-FOA£0.3 M KCl^tfYSD mi&lZXMm&ft HEA3J«fc 

Ocia^^tfc^JiifgLfco Amnnl :: hisG Amnn4 :: hisG Aochl - hisG ^-^tf^^ 
SrTIY19#ci: b/Co 

(&^*o < tfrfTJK lTll#3f) 1 1^7^270 f£#^§- 

FERM BP-6802<b bTfflii^m £ tlT^ 5„ 

mtkW, TIY3$c, HYllflcH: ft b&$nb*hX 

£«U TIY3, TIYll,TIY19tt^ «5 _blE{c^ Lfc^&T^ V<;w* — tf Sr^tiJbfc 
Sg*. TIY3, Tmi,TIY19<?Dl0itC^«iS^#-< *o"CV>Sw t^flfeBb 

cuism] m%mmm&3i&m&Girz>mmmmtt (AmnniAmnei4 

GenBank^— ;^Z35844T-^^£;ftTV^(Feldmann et al., EMBO J., 
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13, 5795-5809 (1994)) 0 &LG2JA * <D 5' £1 *gc £r 7° 7 ^ — 1 
(GCGGCCGCGAGACCTGAATCTTCGACACGCAAGAAAAA : IE?tJ## 9 ) t J 
(GAATTCGCTTTCGAACAAAATCAAAAGGGGCATAAC : IB?iJ#-*§- 1 0)£ffl 

Vn T , £ , 3' flg^/7^V-K 

(GAATTCCTATCCACCAAACTCACAAGCAAGCA : U # # 1 1 ) i: L 
(GCGGCCGCCGAGAGGGTGAACGGTGCTAACTCAGGATT : gS?iJ#-^l 2) 
Srffll^T, ZM*ft,PCRX*mm^tc 0 ^;ft,b<DDNA^tf£HUH;*>-fe y h £f#o 
pSP73-HUHOE£QRI^{i(-*fl^^-s pSP73-alg3::HUH<lr^^LfCo 
K^Notm^T-^Oir-f 5w t \z.£ ^KiMbU TIY19$:£gm U AfeSrffl^ 

ALQa®*S«?Jfefefr^*aii*ttTV^r t YS134$c£ Lfc 0 

5-FOA&^LfcSDJ|Hfcfc:TSfc&frfcV\ IIRA3Jt£H : -J&?g**£ 
#fc„ ±ia<0^fe^l^^^PCR^Srffiv^TURA3il^^lJiS^^:^alga?R^« 
£r$tiSLfc 0 Amnnl :: hisG Amnn4 :: hisG Aochl :: hisG A al g3 : : his G £r "a tf ^fc 
*fc£:YS134-4A#c£: Lfc 0 

w©^M#ttEm£*&YS134-4Attctt, If 118*1^5 
0f (^io < tfTfUlC 1TI 1 # 3 -§•) fc¥$i 1 1^7^ 2 7 0 
FERMBP-6801^ bTlS^^fe^nTV^^o 

alga^?r-^tp^:YS134-4Att«*imS^Mv^a?), -f ^<^*— tf (D&mm 
fr, #£«c % TIY3#U TIYlltfc, TIYl9tt(Cit^#-< t k;JxT^6 0 

TIY3#U TIYllfts TIY19^. YS134-4A** £ 9 1 ( 1 ) K^jk U/c^TfeT* 

>^yW*--fe? ^^ffi UfcHt*, I££l*> TIY3», TIYll^, TIYl9tfc, 

[Hifc09 3) AmnnlAmnn4Aochl ^^^^^Ha^^^^lb^^HJ^^jl-7 
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8! Lfc (Peat et al., J. Chem. Soc, 29 (1961)) 0 

0.3 M KCl£-^tfYPAD*gife50 ml£500 ml^^ P 7 9 * MAft, 30°C-C24 
B#f?QJt^U I*?rl'L^iiuJ;ori*, 10 ml<D100 mM^xy^tMJ ? 
A^UfK (pH 7.0) Klffl&iBU t-F^-ytt?121 "C, l^TOfUiLfco ?ft 

(ConA) XyJ^mMffiWi (0.15 M&fc-J- 0.5 mM*{k*/l''>!>A* 

-^tfo.i m y >mi- h y vj±mwm (ph 7.2)) conA-T^fn-^^ 

7A (0.6 x 2 cm, ft— * > a — # 5/ a i/*±$Sl) ConA^^A^M 
«^T*Sfe^m, 0.2 M<Da -*<f-;V^r>J > K£^tfConA#7 Affl««»[-eSS 

(0.5% SDS, 0.35% 2-^ /i^^^ h / — ^^r^-tfO.l M Tris-HCltt»*fc 

(pHs.o)) bifco istx-iLfci, 50^107.5% 

Nonidet P-40, 138/il<DH 2 CK 12/i l<DN-glycosidase F (^<— y *±M) £ 

flU*.. 37°C „ 16^m^mVtL 0 BioRad AG501-X8# 7 AT*J|fc&#, ^*<^7 
i/-;k^PP$M (1:1) ^^ax.^b< iiU, HLffifi^t^Jt ^ 

©tftf^srfir^ofco mmnm&*mm%Lm&. aohkd* vzfy >?&m (552 

mg<D2-T^ 7 t°y v 5 ^ £200^1 <Z5ft»lCj§#U*:) ^^Px., «itU 90t, 60 
^^SbfCo mffi.&X~m\^tc&, 140/zl OStcK^ (200 mgtf)*'?^- i?*?- 
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80^, 80&mmVtc o T^-TtK&200 mUP*.fc&, 

5 ^ : * o n*/i^ (1:1) St<iitTPA{bt 

y *«rSr£t?7kJiSr[H]iixL*:, rti?r7iE]^«9^b, ^©2-7^yf'j^y 

£|&£L/c 0 ±i*KloV^0.22Mm /i/*— -CitaU. PAffc:*-y =M§P» 

t^pTlg-Cfc^o ^7^ A^TSKGel Amide-80 (4.6 x 250 mm, My—W 
££J8U i&l&te* 200 mMfttt- h !) *f ^7 5 (pH 7.0) bT± h 

= h y ^35 : 650>ift-&tR (A80 , 200 mMBfcifc- ^««f?S 
(pH7.0) £ T-fe h y <^50 : 50tf>$B-&*R (BS0 SrWSiLfco 
^*^A^?5ftitl.O ml/min-C^-rr B # 9 ASrVUHkU ^SAE 

^^t>^^B<DSiJ^^25^^ttT50%*"C-ii:^6«)t--b#$*^ ^©i^ i£J£A£ 
««EB«r50 : 50(£>*£5#P«U PAflS* y =*#Sri£ffl Lfco *<Z>£*«rl2 6 lc 
^i-„ Anr.hl AmnnlAmim4 ^»g3ittt = agf^«S-CfeSTIY19«CD^gi-& 

(Dfc°-^«Man 8 GlcNAc 2 -PA^p 0 n (£«&») 0>*&ttJ<fctt £ -ft Ufc„ Ufctfo 
T, TIYl9W.(D±m.irZ>^>-)-^* >-/-?^SrtCt4MamGlcNAc2©^^ — 
* M*t$l *W*Q b T V ^5 w £ # U3 e> ft o o 

C MM M 4 ) A ochl A mnnl A mnn4 ^ ^^^ttHfi^^tt^^ a - 
mannosidase I 

mannosidase I ( a -1,2-mannosidase) <Z>3t^-?-£r5fci^3fcteHM2^t!|cfc:9IA 
itaigja^M*fc«i«?L^1t^MOglK^-efc'5Man5GlcNAc2^^^^"e 

g% t c j§ ^Hi <P fc 5 Aspergillus saitoi* a - 1,2 -mannosidase <D/h MM 
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38^:^7 *S KpGAMHl (Chiba et al., J. Biol. Chem., 273, 26298-26304 
(1998)) &ftv\ Tm9#c£imy ^?A&-C*0SCl£&L*:o ayhn-Z/tt 
t, a-l,2-mannosidasestfc^£^3;#l^^ * — pG3fc:tt-ejgSME& bfc t <7> 
£IBWc 0 Iffeil, SD-Trp (2%^/V=J — 0.67 % Yeast Nitrogen Base 
w/o amino acids (Difco*±§g) , hy^V77^< &S*$M:J8 j:tf7^t 
jffi^fe (20-400 mg/L) ) Jgife©?' Hd* V^T, 30^^2 5 U 
3Sm#£#fc 0 #^tL^^K^mfr^TIY19pGAMHl 

%><D~cn, mmm3 (Dfa&tmm. itioc^nfc? (B7, a) „ 

MangGlcNAcj-PAfifiS (^«at3K) O^ffiti <b -ffe L fc 0 -2f, a -1,2- 
mannosidaseit^^^-^tfTIYl9pGAMHl T'te, ilC4o© tf— ^ jftS^ btlfc 

(07, b) „ ^^^(©t 0 -^{i^ffi<7)#.VNjlK^ Man 5 GlcNAc 2 -PA , 
Man € GlcNAc 2 -PA. Man 7 GlcNAc 2 -PA. Man 8 GlcNAc 2 -PAlH .g. t & til ffi S # — ft 

#; K:»W#* t> o fcMan 5 GlcNAc 2 -PA®^ £ L % # 7 A V tc 0 

n t^BllgT'fc^o *^A«TSKGelODS-80TM(4.6x 150 mm , MV—W & 
flfcJBU 100 mM^Ty^e^^iil (pH 4.0)- (A$0 , 0.5% 1- 

:/*y-/w£^moo mMSK7^^7AIM ( P H 4.0) (B80 £6«L 

^&*£g£A£igg£B&95 : 5-e^byt%(DSr^jil.2 ml/min-C^-*" w t K X 

mmfrn, m^x? i o^f— y x& «9 (ins, a) % :©f-^ti 

TIE^C (III) : 
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Manal v g 

Manal ' |wanp1- 4GlcNAcp1- 4GlcNAc (III) 

* Manal ' 

Man tiTW-*, GlcNActtN.T-t^A'^a*^ # tt. 

GnT-I ft/B8B&ft^1\ ) 

fc (E18, b) . Ufc^ot, TIY19pGAMHl»0^*i-*^>^>^^^ 

(*jfc«5) igjSSJttfli (GlcNAcMan 5 GlcNAc2) WS©^ 
*-r«JftS!tf« (GlcNAcMan 5 GlcNAc 2 ) ttK* 

■eoBT-io»*RJ6 ft « ^ a «i»«©^* * * ^ GnT-m* ©^sroiitt 
**iM*ti**T?*y. «e* (ni)-e**n&ii«i#ac»^t:tt#©tt«o^ 

5 „ ^G nT -iaes?o»*^o*a«»*ffl^ c J :o ' r ** u ' cv '* (Yoshida 

et al., Glycobiology,9, 53-58 (1999) ) . CO**** If-*?** H 

t?* * P G30GAP-DH^O * - 2 -©T*K»« I- Smal - MaaTCW U . 
:/D*-*-^n«<GnT-I©ORF, * - * ~ * « 0 *£ U 

fc. XCCOifrt^a^-^^ 5 K-e*S P Y0354©SmaI f*tte*A 
Ufc. £©7?**KftpYOG4fc#*0fc. ^770'tm\ S££S!# 
«YPH500«t»»yf-9Att-C»K<E»Lfc. SD-Trp (2%f> 

=1-7.. 0.67 % Yeast Nitrogen Base w/o amino acids (DifcottM) , h U * h 
77>4»<*»*ifc , itf7^iS^ (20-400 mg/L) ) «»©^U-h 

c*^-c, 3oxt?2BB**u »K<K«*t»fc. 

YPH500/ pYOG4 h 1/ 

cn^500 ml©SD-Trp (2%^3-^. 0.67 % Yeast Nitrogen Base w/o 

amino acids (Difcott*) . hV*l7 7>**< « WM* 

(20-400 mg/L) ) J******* U **-Ofcfr*. " lD ^ 
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9* higiffi (1 MV;Hf h— ;U£^tf50 mM ]) ^Wt* VV J* (pH 7.5)) 5.7 ml 
(C^ySU l-tfrii-f Y S—A>9nl 1 12 mgCDZymolyase 100T£300m1 <D 
^7x0/7^ h&mz.&MVlm?L, 30°C, 45^WiSiabfco lMV/Hf 1 — As 
15ml^^JD^, &>b&s itmZftXfl MV^f ;H5 ml-?&*§K ^®Lfc c £ 
Oftjgfdlysis buffer (250 mMV^lfh- /K 2 Mg/ml7yf/^y, 2 /z 
g/ml^^^f 3 /ig/mlP>f^7 , fy < 3 g/ml^T*;* ^ 1 mM-O- 

XTv^y, lmMEDTA, ImMEGTA, 1 mM PMSF^ttf 10 mM hV.x-fi 
(pH 7.2)it) ^4 mttDi, if — -CM£$tig U 220 

x g"C5S'C?L-C±fflfS:lHlJ|RLfco -tf>-h?H£ § bic 100,000 x gTfjt&U, ^<Dtt 
IRlS^Srlysis buffer 150^1 in»»U GnT-IiO»***fc L7cl 0 **5 X «{& 

2felc@Wlf«©'&JEK«rfir*o>!: 0 PAT* 7 ^ tL^Man 5 GlcNAc 2 ^0 (tl 
^Sf <*Sf i ^;ft,£200 pmol#^-^#& Lfc 0 I|g 
r©^i-^tC_blB-t?W»lUfcGnT-I»3(f«tR8.2/£l , 0.2 M MnCl 2 2 
ju 1 „ GnT-ISfSbuffer (0.17 M MES (pH 6.0), 1.7% Triton X-100, 0.34% 
Bovine Serum Albumin, 8.47 mM AMP, 1.69 mM UDP-GlcNAc, 169 mM 
GlcNAc) 9.8 //l £#n;L> 37<C, 3P#MRjEfi:£i!:fco 5 #M*& L-CRj£fltJtfL 
0.22 Mm — -e«ifi L, HPLCfCgt Lf;: 0 

# ^ .MiTSKGel ODS-80Tm (4.6 x 250 mm, iy-1) Srteffl U 
0.15% l-^^y-^^-a-tfl00mMg^^T^^-!7AM«r^ (pH 6.0) £fflWc 0 
^fcJ&flEfcitiSO ml/min-C^i" ^ £ K: J: *> # ^ J**¥-ffiit L, ^^^AL, 

2 t°-^ -efc «9 , Jp- < igffl t°-i> {iMan 5 GlcNAc 2 -PA^n 0 a (tl 

— *\ i§<^aj£;ftfcfc 0 -^o^Tf;ir;ft£r#I&U TOF-MSM 
X 5fiM £t? &ofc„ ThermoQuest^±MLASERMAT2000^ffiW vh!) 
y ^ * £ LT2.5%<D2,5-dihydroxybenzoic acid, 40% T-feh~hyA-£*atp 

0.01% y i/m.21- v y ?^&jflv^ fl?#f£trfto*L 0 ^eo^m, iu^ot 0 -^® 
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#<Df|S&^£*lS#^fl» (m/z=1521 (H+); m/z=1541 (Na + )) ^Kffl^U 
fc. GnT-I®*MfifcSK*mtt*^ %bfttzmmteTitt (IV) : 

Manal s g 

✓* Mana1 x « an 

Manal J^anpi- 4GlcNAcpi- 4GlcNAc 

GlcNAcJ31-2Mana1 ' 

(l&tp. Man^V>y-7., GlcNActeN-T-fe^^:^? >£^-T„ ) 



[ HJte #J 6 ] A ochl A mnnl A mnn4 % MH^ttHfi^Jltfc^tf) a - 
mannosidase IiSte^ t GnT-Ijtte^<D#A 

GnT-l5tte? =5: # A f§ £ -1± *i t£ „ d tl C «fc U Pi Si 21 1! 

GlcNAcMan 5 GlcNAc 2 M^ £ # £ 0 

s&ffigfill 4 T»4fr ffl L fe Aspergillus sailoi*5fc£> a - 1,2 -mannosidase© /MS #§5i 

Ig^^*^ HpGAMHl (Chiba et al., J. Biol. Chem., 273, 26298-26304 

(1998)) i'J, amal-Naalt?^^ LT, ^D^-^-J:f ni:i< a -1,2- 

mannosidase CDORF, $ — — $ — ^^'J/cb/c. 

£pYOG4©Smal8P#K#Al//c 0 CI tf>^ 5> 7^ K £pYOMG4£ fft;& L/i 0 d 
KfcJBv\ TIYi9»«:»»y^ t >AST-^HteiftU/c. 3>hn-;v 
P Y0354/£tt^SOEifeUfc'fc©fcJBv>fc. %mU8k'&. SD-Trp (2% 
7> x 0.67 % Yeast Nitrogen Base w/o amino acids (Difco^hH*) * h U 

^h^TVfcKKSifcJfilSfcitfTS JWM^m (20-400 mg/L) ) 

-mi£^t, aox;t*2BiB«*u, nbtiftj&nifc&ft* 

TIY19pYOMG4fc U/c. 

Z.(D a -mannosidase lilted £GnT-Ija£^**2iA£ *k ig$SJ$ISi*g£1- 
-5^«il^ttH«^^3|*TIY19pYOMG4^(i, IlfiiKS^I^IIftHi 
(i£$»^ < «Tpm 1TI1#3#) 1 1^7^20 ft -e£tt#-£ 
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FERM BP-6775t Iti^K^ tlX V><5. 

m&mSCDf&^tmm. £fc 1 OO^-^-C&O, Man 8 GlcNAc 2 - 
PA^fp (SSjII) CD}£tU&gt-gtL/c (HI 0, A) . a -1,2- 
mannosidaseitte^tGnT-Iitte^ £^frTIYl9pYOMG4 "Cte, iC5o©l;' 
— ^^m^n^c (010, B) 0 -t>, 4o (110, B ; 

peak a, c, d, e) (iMansGlcNAc2-PAv MangGlcNAc2-PA* Man7GlcNAc2-PAs 
Man 8 GlcNAc 2 -PA^q°p £ ^tB&S^-SC U fc. C *lt> (it h V > J -7. 

mmmtW&ftZ>t>0-Z$>&„ £ Mra-l^-mannosidasejlfc^^fcaiAL 
tz£ #^(iM^tl^^o/cff/c^t:-^ (HIl 0, B ; peak b) tfi 3! L „ 
CL <D fcT- ^ (D^tb&Sti^jSS^'J 5 T'fpM 0 fcm^SlGlcNAcMan5GlcNAc2Mm^ 

istcmmmftiz. mm^^^-ei^iz 1 o©tr-^-e^o (iui n , c©vf- 

^ W tf GlcNAcMan 5 GlcNAc 2 -PA B So V> & * & S £ — Wi L . l^A^t, 
TIYl9pYOMG4 |©iitev>t>^/^Ii;l±, *g §J & S 
GlcNAcMan 5 GlcNAc2M©M£f/^ £ tlT d £ bfr£&^tz 0 

i^mm 7 ) tl hffFfli a -mannosidase Il<DW&-£<Dmm. 
a-mannosidase II(±, T^/SS^i! £ ~^mm.^Mmm^M^ 

b bffffll a -mannosidase Il31fe^f2?!j&, GenBank^— £ ^— 7. {IU31520 
~C^^£;ftT^<5 (Misago et al., Proc. Natl. Acad. Sci., 92, 11766-11770 
(1995) ) „ Clontech*±£> Human Liver Marathon-Ready cDNA£ -r > 7 W — 
hCbt, a -mannosidase II<DN;fc3iSMJ£fc n - h'i" SSP#£ ^7 -f T-M 
(CGCCGCCGAGCTCTAAAAAAATGAAGTTAAGCCGCC : @B^J#^ 1 3)£N 
(ATCCCACCACTTTGAAAGGT : 14)41^t, ^fcn-h'-f&SP 
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# £ 7* 7 -f — O (GAAGACTCACGGAGGAAGTT : IB ¥\ # 1 5 ) t P 
(ATGGCGGTATATGTGCTCGA : SB?iJ# 1 6 ) £ ffl T , C Jfc^ffi!]^ £ = — 
Kf 3 £ ^ 7 -Q (CGCAGTTTGGGATACAGCAA : BB^iJft-^ 17)^ 

R (ATTATTATTAGCGGCCGCCCCTCAACTGGATTCG : BE?U#-5§- 1 
8)£fl^T\ -tft^tlPCR-CliHBLfc, ^^nfcDNAKff^^pCRScript^Sjil 

-fSELV^yiJieuteS <£ 5(-b/c„ K £rpCRMAN2 1 b /c 0 

B&)(D? ^s<* S©HaH^©t*, a -mannosidase Ilite^^S'jfciSlC. 

HAtag£3li]S«-r5J; 5^^$-&55t^^f^$SL, *-&*S6bfc. 

iB^JS (B2?iJ#-i§- 1 9 ) ^P>*5-*«DNA4r^^fifeb, 
^7^5 KOpYEX-BX©BamHIi:EfiQRI*fPte«3ra^#Abfco ^tf):/^;*^ K 

* pYEX-BX-3HA t ft £ b fc „ & tn pCRMAN2 b EamHI t EsaRI T* a - 
mannosidase II £ ^- K1~ 5£B#£i50 OWL, pYEX-BX-3HAOSacI fc NalOT 

&f£i£©T^3§^:i;£ft±£-tJr<5fc:£>, a -mannosidase II<£>JglRiI^$<£r ^ 
— Kt5SC^^^f ©a -1,6-mannosy transferase & = — K "t* 5 it ^ 
(OCH1) OKKii1K4fiA^^1tlflb/L. -t"^t>*>, iS^iJT (SE^iJ#-^2 0) 

S ZL^dBDNASMfc^fifc b , pBluescript£>£acI t EcaRISMttlffl KM A b fc G 
:o/7^; K£pBOCHl£i%£ b*: 0 — pYMAN2-HA£x lyf u— h t 
bt\ a -mannosidase IIC9fc&g£^*££ — K^-S Uftco— g&£ Zty 4 — U 
(TTAGACTACCCATGGAACCCGCGCCGCGAGGGCTCCTTC : K^J## 2 1 ) 
t^^^C^—V (CAGGAGAACTTTGGTTCGAAAAAGCTTTGACTTCTT : IE?iJ 
#-9-2 2)^ffiv>TJ#"ISbfCo £©ffiyiJ£?fcS&, Meal HindHI T*^0»rb, 
pBOCHl^HcflI^HiiidIII^{4F^(-Jf AbfCo ^{c - (D^^ * 5 V fab Sad b 
EstIT*^>i-^^0!5 ffib> pYEMAN2-HA^SacI^EstI^^S^bfCo C<D^7* 
5: K£pYEOM2-HA<bifr£ bfc c 

JfetrfflV^-CfTJfcofco 3^bo-;VHT pYEX-BX-3HA£ffl V>fc 0 ^fCSfe^ 
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$L SD-Ura (2% {/ )l U — 7., 0.67 % Yeast Nitrogen Base w/o amino acids 

(Difcottsi) > v?->)i<z®i<i&WLi&m# xxfr^ ^mm^m (20-400 m g /L» 

J&Jfi©:/l/-M-*VT\ 30°CT2BP^gitU »JME3lfl£*»fc. 

$ tt/c»« &30°C TOD660=0.8 * TSD-Uraig&T'i&it^ * 

mm&mmb. zbtzzmmigmistc. mm&, sDs^>^y77-*t- 

8?#r*fr&o*: 0 ^x^3r>^ny Mlfli-»1: lt7^ hmHAJ/i#%, 
-&St#£l,Tift7y MgGtSflc^/W**^^— ttJUttSuper 
Signal Ultra* i: L"CXi»7-r^A(lSI3tei-*- fcT-^f^ofc. 

3 V h D->1/^«:^^V#£< Rfcjft&^©»l#U pYEOM2-HAT^Jt$* 
^U/c#fflJMm$[T&, ^a#5i40000©ffi«tw^^;v*s?6S*nfe (Ell 
2) . 

-mannosidase INDlMKStt* «5£ L fc. Jg^^ll^ (3£(IV)C»56 * ^1" ) 
lOOpmolfc^V^l^^-^rtT^S^/c^ a-yi:o.2 M MnCl 2 , 1 
M GlcNAc, 1 M mWti-h U VAWmWL (pH 5.6) £2 Ml To, H 2 0&8 Ml 

=£$}LT£j£x£#itU 3*4>(::J:y:FfcttH#fclifc^fc©*>» HPLCKTJWWU 
ftfeHPLCtfrflr©^^*, H£S$l5{rfi£o/c. fO^I, a -mannosidase 

ii *mm i 2vtzmm(DmMt&mm*&mm£ vt^m^. hp-^jrfc&u 

4 0^Ofc°-^^f>^(IliiaLTV^/c (Ell 3, B) . w<94 0^©tf-^(i, 
PA-tt»«HS.& (^Mig PA-Sugar Chain 022) V>Mmmfc%Sfrh% h tl^TfiH 
5$ (V)T-^$n<5— #8W&3!llt8i ( Oguri et al M J. Biol. Chem., 272, 22721- 
22727 (1997)) (D^tii&g £ — L T Wc Z. £ t> % a -mannosidase IKDjgtt 

Manal N 

®Manpi- 4GIcNAcP1- 4GlcNAc (V) 

GlcNAcpi-2Mana1 ' 
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t hGnT-IIO^#T*(D^m«^ffl "bin XoX&%£tlX\t*Z> (Yoshida S. et 
al., Abstracts of the meeting on Yeast Cell Biology, p. 279, Cold Spring 
Harbor Laboratory (1997)) Q C O&^Lm^t * - P SY114-GnT-II X V^u*- 
? -*^t*GnT-imfc*mi$Z*%h&lXW <9 fcU pBluescript SK(DXhal£lH£l- 
*$Abfc 0 5 K^pBlueGT2^^^S LfCo #a-^Jfe#J 6 "C^ bfc^7 

KpYOG4«fc <9 ^n^E- — ^-^^tfGnT-IJt^T-^^^EamHI, XhaJ-C#l 9 
tiib, pBlueGT2tf)BamHI, XhalgRtei-^ A b /c c 0 :7" ^ 5: KjO^BssHII 
T* g ftj^T^Sr^) 9 ttS bfct&, DNA T4 polymerase "e ?i -ft b t& , 

ADI&Sr-^ — # — £ UTW-fSpASZlO^^^ 5: K (Stotz& Linder, Gene, 95, 
91-98 (1990)) OSmam^f-Kff>T-^#Abfci 0 ^ * 5 F£pASZGN12 1 

#^bfc 0 P AszGNi2^Hiiai-eit:^^b, mmmix^m^t^mm^^ 
mmmwnYim^mwmm^mmv^^^mxn^^tco 0.3 m 

KCl&^tfSD-Ade (2%^/l'= 1 — 0.67 % Yeast Nitrogen Base w/o amino 
acids (Difcott^) , Ty*-^ZV&<mmiM.m&£VT 5 / 8£SI^ (20-400 
mg/L) Jgitetf)^!/- M^V^t, 30°CT*2BFp1^*b. ?£SC£i&#£^fco M 
mm&ft£ n#J .ADNA£P§!£b. PCR*£^<fc GnT-I:fc ^tKJnT-IlSfcT-^ 
ADE2fS<D^fe^iuiIj2 ! *tlTV^ I <t YCY22#ct bfc 0 YCY22 

^(D^lla^^liJ^«:fflV^-C^tL^i^<D^^'l±^«'J^b, GnT-I£5 £tfGnT-IItf)3g 

m^m^bfco 

fc h /3-l,4-GalTOg#©T-<D3i§mii, mJ^O^ffl Jc«fc o XWl£ £ ftT 
1^5 ( (Yoshida S. etal., Abstracts of the meeting on Yeast Cell Biology, p. 
279, Cold Spring Harbor Laboratory (1997)) e - (D^m^? 9 -pGalT13C<t 

v) yu*~-*-*$tsfi -l,4-GalTjt^^SrSalI,XhQl-C§3 V £U pRS403 
(DSalI,XhQm<4^#Abr^o ^T 0 ^* 5 K£pRSGALl£ift£ bfc c *fcfc 

h UDP-Gal Transporter(Ugt2p) (D&&X*<D%m*m?8bK&'oXm j gZnT\,^ 
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& ( Kainuma et al., Glycobiology, 9, 133-141 (1999) ) „ r. <D it B ? 

(HGI2.) <D%-$Lmzf7* $ KYEp352-GAP-UGT2 J; *) , :/n -Sr^tf 
5t^^?rEamHI-C§3t) WU, pRSGALl^EamHlMtc^A bfc c 
7^^; K^pRSGATPli^^ L-/c„ pRSGATPl^rNdfilT-ai^^i-L, YCY22 
WM^Sl!)f^M/iot„ MWm&'&. 0.3 M KCl£^tfSD- 
His ;V=i — 7>^ 0.67 % Yeast Nitrogen Base w/o amino acids (Difco|± 

m x fc*^V£&§KM^«:fc<fct>*T 5 /^g-S^ (20-400 mg/L) Jffifi© 

^p—h^^^T, 3ot:-e2BMi#itUx tewm&&*ntLo mwmmftzw 

7ADNA£ffS£U PCRj£K«J;!9 ^-l^-GalT^^U^lKmstfe^-^HISa^^ 
%£&mzm.Th&tlX^Z>Zt&mmV. YCY42l*t Lfc 0 YCY424*(DM*itH 
tK&Jf^T^;h^;h,<&I**?£tt&«!l3£U /3-l,4-GalTfca:t/Ugt2p(D^m^5fe 

t hJffJRa -mannosidase Il^^mffl * * -pYEOM2-HA <fc «9 „ 
SacLSnhl-CHA-tag^r^tf it45^»f Ji-«:$J t» ttJ U DNA T4 polymerase -C5tciB 
«rWtfc. ^0»f>T-SrpAUR123©SmaI«P(iH:}f AUfco ^o*~ * — (CjE 
tV^lBjT'O^^tLTi/^w t Irffilf , :/n^- — ^ — £-3 £p a -mannosidase 
IIiie^fi^^EamHlT?^J«5 P RS406OEamHm&^ff A Ufc 0 

K&MdeJ-Ci£0MfcK:U ffiflSYCY42«c<o^«teift4:»ifty ^*Aife-cfT 
Jfcofco 7&«<E&£. 0.3M KCl^tfSD-Ura (2%^=i— 0.67 % Yeast 
Nitrogen Base w/o amino acids (Difco|±M) x t? 9 i^SrKK &gfr!££:}S<i: T>* 
T^/il^ (20-400 mg/L) igifecDT'W'-- H^I^T, 30 £ C-C'2BP^l##b, 

j&mfc&itzntco vj adna^pssiu, pcRfeict^a^ 

^IIBASJ^^Ifc&^m&^nTi^ r 4: SrigL, YCY521* bfc» 
YCT52«c©l|BJtettlffi«e*fflV^T»*fllttS:JBfJ3tU, a -mannosidase 

Hi£#>J 4 T'^ Lfc a -1,2-mannosidaseO^^ffi^^ pGAMHl J: *9 Nae.l£ 

pY0325-<^* — ©SinalgB&l-Jf ALfc„ K£pYOM5£ifti& Lfc 0 

££>l^ ^$?fr^SSt*#<f*&i-5©|J:£^*UDP.GlcNAc TransporteriSfc^- 
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<&a*A£fTfcofc 0 t hUDP-GlcNAcTransporterfc^©B*«T©#mti^ffl 
hfc£oXm&£ftX\,^Z> (Ishida et al., J. Biochem., 1261, 68-77 (1999)) . 

z. n ik^m ^ t * - * ^ ^ - y \^ \- x , y =7 ^ -W 

(AGAGCGGCCGCAAAATGTTCGCCAACCTAA : E?iJ## 2 3)^7^^-X 
(TTTTGTCGACTAGACGCGTGAAGCATGCCC : IE?iJ## 2 4)T?PCR&^J: 
9UDP-GlcNAcTransporterae^-««Srl««L^o n©E?«J HfiiU 
Sail tMsOBfrU pG3.N©liatIfcSaU«fi!cFB^iS*bfco 3 ^ 

bNa£li:SmaIT% — ^^^tfUDP-GlcNAc Transporter*!^^ 

JtSrSIOfflU pYOM5<DSmam&^#ALfCo K&pYOMR5fc 

^^l/co zoy^xz KS:«v^TlW^eycY52«c©m«te**»ily^^^^fe 

■Clr/iot, If^t, 0.3 M KCl<Sr^ifSD-Leu (2%^=>-*. 0.67 % 
YeastNitrogen Base w/o amino acids (DifcoftS^) > o is>&f& < g?&*£S*3 

it;r$yK*^«i (20-400 m g /L) H£*^"T\ 30^-02 bi»«f 

*U »ffHik#m. r©»ft<B**«rYCY73»fcbfc. YCY73*©*BIS 
|fcttlifc£fflV>-C#*i&te&SIJ£l^ « -1,2-mannosidase £ UDP-GlcNAc 
Transportertf>3g9i 1 ; Srtftf& bfc 0 

msd&ihUGTrel2£-f 3 Wafcfc©?'? * 5 K&fM 

Lfco PGAMH^rSmalx Nae. It-^lfttGAP^n tmadSia^J^ 9 

ttib, P RS4O4(0Emimti^#ALfc. -©^9*5 K£msdS-pRS404£#£ 
bfCo hUGTrel2#GAP:/i3^-*-©T^K#A£HTV^^;* 5 h\ 
hUGTrel2- P G3£Sma I, MafiJ^IBtf LTGAP^n*-*-£hUGTrel2ffim 
#)9ttlL, msdS-pRS404^Eat_lSlSffit-#AUfe o ^OT 0 ^*^ K&HM- 
P RS404£ift£Lfc o HM-pRS404OTB£lrt©BatXI-C«3Wrb. YCY428e£fim 
y ^^AftSrfflt^^ttfco ^«(Btftfl:S:5ml©YPAD+0.3M KC1T% 
30°CT'2BP B ^*L. PCRifelCtO. madSirhUGTre^iSlBEl^lfefefr^Sa^ 

© a-l,2-mannosidase£.tfUDP-GlcNAc h -©3&m«r*» bfco 

YCY42^msji££hUGTrel2£-f # is— is a > L/c^^TIY63t* £ Lfc 0 
$ t>K. t h JfTBU a -mannosidase IlO^mffl^ * -pYEOM2-HA<fc «5 , 
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Sad, SBWC-HA-tag$r^tfit^ifJt^^O tHU DNA T4 polymerase T**^ 

Ll/^lRl-eo&^n-Cl^-S r <b £8£S&^ ^n^- — i? — ^r^tf a-mannosidase 
II51^^^^^EamHI-C§3 «9 Hi U pRS406O£amHI&lHitcif A bfc 0 r©^ 
K£Nde.I-ClE§l#tl;iU TIY631* TO y ^?i**£-CtT&o 
fc 0 0.3 M KCl£^ft>SD-Ura (2% ^3-7, 0.67 % Yeast 

Nitrogen Base w/o amino acids (Difco^tM) ^ V y i/^ZW < ^WZMMte 
T^ymU&ty) (20-400mg/L) igi&tf)^ h (C^T, 30 o Cl?2 B U 

fcimA2ffi®<Dm&mcm&&ftx\,^z>z. ££*iisu msy34*£:l/c 0 msy3 

lfc^Mto^£^Ti£ift^t£2r$ij;£U a -mannosidase II<£>$g£l £*gfg L 

tt, mnm 8 x-ftmi^tiyv * ^ KpAszGNi2^HBai-eii:^^(cb. mm 

r*=fT^o^ 0 mWfc&&. 0.3 M KClSr^frSD-Ade (2%^/i^=i — 0.67 % 
Yeast Nitrogen Base w/o amino acids (Difco£ti8D % T^f— < ^^^S 

#£^7^/$^-^ (20-400 mg/L) it*fe<£>?° b fc*V*T, S0°CX'2Bm 

^9GnT-I*5 < t^>*GnT-IIa^^^ADE2^^<D^^ J ^{cmiZ i *i^-CV^6- t &fflfcB 
t, YCY122t*£: L-fc 0 YCYl22tt<DHBBS^fcB^^ffl V^T^:i^■? ^ ^^<D^*^^4^ 
«I5£U GnTJ*8j;tfGnTJI©SB5L£lfc»L;fc, 

HJI^J 8 X*itm \^tz.zfy * % KpRSGATPl^NdelTiEm^l- 

YCYi22t*<D^icte&£smy 3-vj*mx-nt£^tc 0 0.3 m kci£t 

IstfSD-His (2%^^V=i — 0.67 % Yeast Nitrogen Base w/o amino acids 
(Difco*±g>) % t^f^y^i<i!SSfcJ;07^illtfe (20-400 
mg/L) 1^ — Hc-fe^T, 30^-^2 0 f|^$l, ^SC&&#£#fc 0 ^ 
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ffij£&#cfc Y) ?J J*DNA&fflM L, PCR&lc: <fc 9 P -l,4-GalT4o J; OTGT2iffc 
^mSafg^O^fefr^m&^tlTV^ r t SrfilfgU YCY142#c£: bfc 0 
YCY142«©^J}&ttlil^^fflV^T^n^no^^?§tt$raiJ^L, 0 -l,4-GalT*5 
<fc t>*Ugt2p (Dm%L& VkM L o 

mMm8T°^\stc77*X KpYOMR5£ffl^TYCY142t*©^Sf3£m 
$r^y ^^^^T-ff^ofCo %mfcW&. 0.3 M KC13rll"t?SD-Leu (2%^/W 
a — *, 0.67 % Yeast Nitrogen Base w/o amino acids (Difco^tM) ^ o>f v'V 
&l&<;|£Sfc*ft£:J8j:tJ ! T$ /g*i£<a-*5 (20-400 mg/L) i&fl&tf>:/t— ^T, 

YCYi63ft;<Dmti&tihmfc&mi< s 'cmmft&&B}fe u a -1,2-mannosidase <b 

UDP-GlcNAc Transporter© f§ 51 £r ffllS L 0 

r^»YCYi63»^ov^-c. mn<Dmm^m<D^>-ry?>/*?'M<£>%g®kmm<D 

-</N-r^^/— 7.m&®k<Dj5ti v &^Z. k&*abtlX\<*Z 0 ^Tw-C*, Texas-red^l 

^MUfc 0 PBS-egfe^, 10 mMa -methyl mannosideSr^tf PBS 
U ^ttSlfciftT-Cftffcfcfffcofco YS134-4A«TttSfe^ 
©JB Das^teSfefeStLTl^as, YCY163^^«JNBSa©Jlffl{C^fetlfc^3fe^PJ 
f>^»'> C i Sr»B tfc. cor i:d^YCY163<*-Ctt^-f — 

(fgf) <D£.mkmmmm<D&m 

FGF6-l^r^ ^it^^ 1 (secFGF (N35)) Wt^X^XilS«rW5E3f<03|efflft-7- 
flcJ^&^Hl^fc (Yoneda et al., BioTechniques, 27, 576-590 (1999)) 0 
SecFGF(N35)/pBS£Sma I. N_af> I"e§J»f LTFGF^^D <9 ffi U pGEM2-a36cD 
HindIIIgMil-*?AbfCo :©^7^? KSrpFGFa 23£ift£ Lfc 0 pFGF a 23 
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^EfifiR IT'^J^f U prepro a -factor t FGFgt*££1sO «5 ttJ U pUCll9^^ * 5: K 
cDEcaR ItP^t-^A htc 0 - ©^7 * ^ K£rFGF-pUC119 <!: Lfc 0 <* - 
factor co EAEA g£ ?ij £ |& < tc £> % ^ y ^ — Y 
( CGCCAGGGTTTTCCCAGTCACGAC : IB ?iJ # 2 5 ) i:7°7-f ^- Z 
(ATGGGCCGGCTCTTTTATCCAAAGATAC : IH?iJ#^-2 6) SrfflV>TPCRT* 
itHBLfco w©DNA»f>T-SrpUC18©EcfiR mifct-ia^a^s pAF02^^^^ K 
fc-flMKLfco pFGFOl^Nae I, £ma IT*#JIHr LTFGFSr^] t> ft U P AF02<D 
Has I, Sma IgB&fcJfALfc. :©/7X? K£pAF03tift£ Lfc PAF03& 
EcoR It?§J»f UTprepro a -factor £ FGF«2ri2) 9 ffi U YEp352GAP^°^ ^ 5 
KcOGAP^n ^-^-coT^^M^^A/fc^^ * 5 KpAFF2 & i¥M Vtc 0 
pAFF2£Aat II, HpalT'^JWb, 2 m mm^W «9 fcB U Wvf^l^-v' 
3>m^y^^ KpAFF3^«^L/c 0 pAFF3£ApaL I, As^lXWm^X 

GAP:/ci^--* — kFGF(D®m&ty<9 m U LEH2/^-# — Sr l>o77 ;* 5 K 
pY0325<DE 3ai immzWALtCo ZbK??*^ K©2 ^ mgC$<£Spj£ ITH2J#r 
LTl&WCo ^CO^^ K£pAFF9<tift£ L7t 0 pAFF9rt (Cfc-SEcilR VT'^J 

KifbTiE^^b. mm ohyi9$c. ycy42^) zwtm y f- v J»m*m v>r t^jc 

felLfc„ SD-Leu (2% ^n-^, 0.67 % Yeast Nitrogen 

Base w/o amino acids (DifcottlK) „ u ^ ^ £ < ^^^S*5 J; Z>*T 5: J 
^ (20-400 mg/L)) igifccD^- Mc^T. 30°CT'2 0 |BJ«F* U ^Ztl^ft 

^n^>co^«K^^^5ml<DYPAD+0.3M KC1T% 30°C-C3 0 U ig* 

iS^i-x^^y yt7 7 n— ^^muxu, sds-^^^/w^^ 7 7 -t«, 

itt^SDS-PAGE^^LTio %iYG¥tfifo*R^X V ^7 v >f V^^: 

fTW FGF^^^bTVN^ - t Sr#mbfc 0 $ <b lc % PCRSHC £ 9 > FGFriS 

LEH2©Jfefefrm«a*i&*n"cv»5 n t %mwv. tiyi9^^fgf^-t 

-is b s> Lfc**£TIY48#c, YCY42#UcFGF£-f ^x^V— ^3 ^VtcWZ: 
TIY49#c£ Lfc Q 
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fc:t¥A$*t"C^5^* 5 KpGAMH&EcaR rC#J»rU 2 junWi^fc/ 
^ ^ ^ K&fNRLfco -O^^^^ K£rpImsdS£ift£ bfc 0 pImsdS£>TEElrt 
(D Xha I T* §) If L x TIY48 ( A mnnl::hisG A mn n4::hisG A ochl::hisG 
F(tF::LEU2 ) % TIY49 ( A mnnl::hisG A mnn4::his G A ochl::hisG 
EQE^LEII2 ad£2^IGnU & GnT-TTI his3:;f 0 -1.4-GalT &UGT21 ) *Mt!J * 

v j*m*m^rmmm&\,iz.o &h*iitmmm&i**5 mi<^YPAD+o.3 m kci 

TSi) 4t-e-ft«fc 5 LtFGFSr^y V"fe7r 

^<D^ y yt77 n — *£r(I|l|XU, FGFOtrE^-e^^^^^^i 3 y^-w 
^fcfTV^ msdS.^^mbTV^5 r. t Sr*Btfe, PCR& K £ «9 , 

msdS^ISEl^>^fe^^'^^^* ; ^" cv ' ;5 - * Srflfe® UVto TIY48*fc^m£d££r 
4 V^^U-^a ^Uyc^^rTIY53«. TIY49^ t^msdS.^ ^ ^^U — S^a V 

ftm, madai:hUGTrel2S:>f ^**"5*iae)©^7^5 KSrf^K 

Ufco PGAMHSrSmal. Mas I"TM2J»r UTGAP^n -e- * - £ madSE?iJ "9 
HJU pRS404<DPjm im&l-#AbfCo ' ©^7^ 5 K£rmsdS-pRS404i#£. 
bfc 0 hUGTre^^GAP^n^- — ^ — £DT#fU-ff A $tltv^7°7 * ^ K, 
hUGTrel2-pG3£Sma L NaaJ-eSJWr UTGAP/n * - £ hUGTrel2ia?iJ £ 
^3t)tBb, msdS-pRS404©Eal_J&#K#A Lfco CW7°7^? KlrHM- 
pRS404 £ ift £ L o HM-pRS404 <D TRPlft © EstX I"C^0 $r U x TIY48 1* . 
TIY49#c£gm y^-!7.k&&Jfll*TJgStlB&U*:o ^ ® & 5ml tf> 
YPAD+0.3M KC1T% 30<CT-3 0 P^^H U «f*±»«^50 /xl^yKGWSy 
Vir 7 r n (7 7^'>TW £*P;i, 4tT'-tei: 9 LTFGF& 
^ijy-fe77 0-^lw!af »TA/^y-fe7 7 0-^?: 

SDSfy7 9 ;w<5'7 7--Cf-M, i^^SDS-PAGE^^LTto Jnl 
FGFfctteSrfflV^T V^n j/f ^ ^i/SrfTW FGF/5 s ^?i, L"t V* <5 ;i <b 

£SifgLfc„ SbK. PCR^}CJ:«9. madS^hUGTre^^IEEKD^fe^tcm^- 
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<D a -1,2-mannosidaseS.t^UDP-GlcNAc h 9 > * * — (Dft^&feW. Lfc 0 
TIY48^feimsdS_£hUGTrel2£^ ^x^W— a > Lfc^$rTIY59^c, TIY49#c 
{diasdSi:hUGTrel2$r-r fls— is 3 ^ b/c»^TIY60l* ,ir Lfc 0 

*tm^M<^fcfe. FGF^LEU20^^^:±}C^ ^t^^1/-->3 >L7tTIY48 
&bTIY53W%&.m i LT, 3L(Dmmmfrt>FGF&ffiMVtCo 3LOYPAD+0.3M 

T a— 4*cx*—m.mt 5 ltfgfs^^ y yt77f-^i:»tst 

fc 0 ^!Jyt7 7n-^$rli|!|ZL, 7J^AKlo£> N PBS+0.01% CHAPS, 
PBS+2.5 M NaCl+0.01% CHAPS£}gg££ Lt, &2S^<D±#i;i J: 19 FGF£-^ 

)|t3KbfeFGF^Jl50/igSr^+B^7A}c^ttSi t^J; «5 , Ifc&Lfco #7 A 
^ RPC C2/C18 PC3.2/37J 7 J* (7 7/Wi/7ttI) L0.1% hV 7 >V 

Z-umWtkO.1% h V 7As**W$M - 60% Tir b~ MJ/uSrJ&jfci: 

T*2ml©t K9 v^£r2JP;t N 110°CT*60^-rBl^!;SLfCo -?:<£>^ ^i&£-ei££p L N 
M-Tt^Wblrffofc, 250 vl(D0.2MWfmTl/*r~$J»k25 nl<D&7kW?8t& 
A0;i«k<Jt#U 30^^IS-CStLfe, Sfcfc, 250 //l<D0.2Mg£g£T>"^r~ 
•7 Air 25 /xl^«E7jc^m^D^«t<^b, 30 #W£iR-Cj&« Ufc„ KJfcfotSr 

mmmw^mmntm. 20 ni^y^y >?um 000 m g ©2-7^ti 

&>&10Q £#P;L, &£tU 90t\ 60^^^3S L tc a * 

<D&^ 20 Ml^^S7C^:m (10 mg©^7>- v 5 ^ ^vt'T 5 >M^te*b0 nKDW? 
mfcf&MLtz) Sr^DXL, ^§tU 80°C X 60frfflmmVtc o 20 m \<0 h 

&Mx.x<mwvx. 6o^c. m>#ibk m.m%mrm^m.m^ 0 sje 
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& % HW-4oy/w*i8;&7A*Q:3S<£:fTV\ *s^o2-7^ y try ^yii^SLfc, 

T ^ J % y ^ V^fcHPLCfc. «t 19 ^0«3i«IWtrfTo fc 0 * 7 A f* 
Asahipak NH2P-50 (4.6 mm X 250 mm) L> ^^{*, 200 mM^i- h 

yxf;V7^yft«» (pH 7.3) Tir h =■ h U A?k <D7 : 3<0«-£?£ (A$D , 
200 mM.m&- h y ^ifvl'T S ^»«* (pH 7.3) T-fe h - h y /V ©2 : 8© 

^«>*jBtASr»EJtl.O ml/minT^i-^ 9 *7A*Wkt, ^SAil 

<DfiJ^£l00%<Z5*£20#|Hli?feU PA^^-y =f«fSr«ffibfco Z<Dftffim%:$: 
EH4^^L/c 0 TIY48S*<D^CD-C«, 2 <D&& t fflffis ±tlo®lf 

— tX'&V (1114. _klfc) > Man8GlcNAc2-PA^p B p (^g&$g) (D&BtiLM. 

ftbfeo — a -1,2-mannosidase itte^Sr^tf TIY53*fc-Cfct, 3tl-lo 
<D fc°- * # JL b nfc (|14, TSO . r. © fc°- * teMan5GlcNAc2-PA#D B D t 
^W-ttlias-ScU^o bfcaSoT, TIY53t*-C'f§3L£-ti:fct \>m*ZS'*9%X*> 
5FGFtt. tet3:100%^J&M • ^M©ii<J«K#^fc5Man5GlcNAc2M^$(£W 

t h fff li a -mannosidase lKDft^Lm^ * * -pYEOM2-HA«fc t> , 
Sad, SBhI"CHA-tag«r^tfa^ J f L »r>T-«:«JO IUU DNA T4 polymerases^ 
SrSp^bbfCo ^(OKIf>T-SrpAUR123(DSmam{4^ ; ^AbfCo 7"n^— *-K1jE 
LV^IflJ-eo&astLTl^ d i: :7°n^ — * — Sr^tfa-mannosidase 

IHa-fiS J HH*ic&BamHI"C3) «9 ffi U P RS406©EamHI^Ii{-^A bfc e -©7° 
K&Ndfil-CSlgUfcKU TIY60«cO^©lEife*fti&y ffAfe-Cff/fo 
fc 0 T&%%kW<fc. 0.3 M KClSr^tfSD-Ura (2% 0.67 % Yeast 

Nitrogen Base w/o amino acids (Difco&tSD , !>7'>^?:i<iill^<t^ 
7^;^i (20-400mg/L) igifecDT 0 h KnfcV^T, 30°CT*2 0 IKI#£ U 

mnm&fc*'&it 0 j&nm&fcxw J*DNA&mmv. FCRmz^vmB* 
&i]BAz&®<Dm&mzm&%.tix^z>z. tzmmi^. usYmtvtc 0 msyi 
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it # (o m B 

1. ochlSJt, miml^m. man***©*****. <P*< k h 4®U-t<D 
^*g*ttfiiS^o:^Wi:U TlBfC (I): 

* 

Manal -2Mana1 N g 

gManal N 

Manal ' ^Manpl- 4GlcNAcp1- 4GlcNAc (I) 

Manal -2Mana1-2Mana1 ' 

(3tf x Mantis GlcNActtN-T-fe^^=»-^5>«r^-t"o * V 

KttSr*i- 

Sr^c^L/cacliU^ ( Aochl ) , MMlIfi^ ^ilLfcmnnlf ^ (Amnn 
1) , MHN43t^«r^b^mBn4^a ( Amnn4 ) O^St, < £ <b 
1 fi W±(0$tS*tt^^f ^3^o r k*W&k U Tia^: (I): 

Mana1-2Mana1 v g 

Manal ' ?Man(51- 4GlcNAc^1- 4GlcNAc (i) 

Manal -2Mana1-2Mana1 

* 

Mantt^W-*, GlcNActtN-T-fe ^/U^a ^ 5 ^^"To * tt !> 



3. ^*S*tt3ES^Sf* s . ura3^, hisa^M, ads£^, ItjlL 
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'H-TfBsS (I): 
•* 

Mancc1-2Mana1 v 

6 

3Mana1 N 

Manal !j\/!an01- 4GlcNAcp1- 4G!cNAc Q) 

Mancx1-2Mana1-2Manct1 * 

* 



8 . 1-6 W^Ttlfr 1 3liC:|5m^^e:^^tt^l#i&tCi:^ U &£' 

*i-TI25£ (I): 
■* 

Mana1-2Mana1 v 

6 

gManal N 

Manal ^Manj31- 4G!cNAcp1- 4GlcNAc (i) 

Manal -2Mana1-2Mana1 ' 
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(5£«K Mantel/-*, GlcNActtN-T -fe^/l/^a^ ^ V£^i"o * U 

U tffcfc + fciTIBa; (I): 

Mana1-2Mana1 N g 

3Mana1 s 

Manal ' !j\/lanp1- 4GlcNAcp1- 4GlcNAc (i) 

Mana1-2Mancc1-2Manoc1 ' 

i i . i ~ e ©^-rn^ i &\zLum<Dmmmmmz. mmmmmnZL 

l 2. W*5llO*fcr±llii:IB«t©iPfl:aE»*S:*«lK:«*b, tg*^^ 
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l 3. W^gClO*fc»ailK:iaiJ©BI*SCIM*Sr*ifilc«f*u, ^tt^^tw^- 

5** * *t*£j**fll£li\ tt«F*fca>btt*F* W^**«St-rs r. £ Sr 

1 5. flchl^^. mnnlfl, mnn4^, algS&&<o&.&J&&. £ » 4>ft< £ 
t 5 ±©*«I*ttf I i: i: TIE^C (II): 

Manal s 

^/lanpl- 4GlcNAcpi- 4GlcNAc 

Manal -2Mana1-2Mana1 x 

(5£«t», Manfi-^^y— GlcNActtN-T-fe^vl^/l^l^ >&7js-f 0 ) 

l 6. *«*tt*ffi«^*satte J f«r*l*«3»J:i»Ai-5^i:*<, OCHlifrfc 
^^^Lfcochl^ ( Aochl ) , MNNl itfc^friKlg Lfc mnnl ^m ( Amn 
nl) , MNN4ja^^^L7t2nnn4^S ( Amnn4 ) , ALG3 »fe?-SrflS« I 
Ttalga^^ ( Aalg3 ) ©fllf^ < H 1 i©**Ittf MI 
Zfto^blt&mtL, TlEit (II): 
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Manal 



5wanp1- 4GlcNAcpi- 4GlcNAc (n) 

Manal -2Mana1 -2Mana1 

(5£*K Manli-^y-^, GlcNActtN-T"fe^^V = f-5>Sr^i-o ) 

1 7 . SSftSJftttaEft^lt^iira^*. MaS^M, ten2^, adfi2&£, tail 

19. fy*o5Hr^ ■tUf'V* (SaccharomygSfi cerevisiae) i£&"t"3 

2 0. t^*n?t^ - ti/ tf ffiar>piiarf>mvces cerevisiae) YS134-4A 

2 1 . it^Jsi5~2o<Dv>-rtt^ i gcij:fla*©»«ae*i*sr*»^** u * 

H^jf^TflB^; (II): 

Manal N 



^Vlanpl- 4GlcNAcpi- 4GlcNAc ul) 

Manai-2Mana1-2Mana1 ' 



(5S=K Mantis GlcNActtN-r-fe^^/uaf-^^Sr^i-o ) 

fcfeMHM*. ********* «fcbfc**i"<*K 
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22. ft3fc3Si5~2o<Dv^*i7^i m^um.<Dm-mm^^mm^mv, « 

(CITIES; (II): 

Manal N 

|wianpi- 4GlcNAcpi- 4GlcNAc (n) 

Manal -2 Manal -2Mana1 ' 

(5£f\ Manfi-^i/y — ^ N GlcNActtN-Tir ^•/t^/l'n ? >^7Fi- e ) 

^e^M^Sr^±ffi^i§*U. t^^l^^Tfa^ (II): 

Manal N 

|l/!anp1- 4GIcNAcpi- 4GlcNAc 

Manal -2M anal -2 Manal x 

2 4. o^m^, mnxa^m, Bmn^mm, aig^mm^mmw^n^mmm 



2 5. li*3Sl5~20^^-rtl^l^i-'IS«^^^mtt^, PifL^^m^ 
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2 6. «*«24**:r±25li:ia«©»««**«rJ*flB^#*IU, + 

fee 

*rj§«u::#*u &mm+\z*}} ztmmzrx'* 1 ? b-cur^-t- 
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